We give a precise description of the decompactification limit of a family of worldsheet sigma models using worldsheet renormalization group methods. Starting with a pedagogical review of Affleck and Ludwig's g-theorem, we clarify the precise distinctions necessary in applying this result from unitary and compact two-dimensional conformal field theory (CFT) to the description of worldsheet renormalization group (RG) flows in string theory. We point out that the so-called nonuniversal contribution from relevant operators to the free energy is actually unambiguous in critical string theory: there is a unique choice of worldsheet ultraviolet regulator, zeta-function regularization, preserving all of the two-dimensional gauge symmetries. As an illustration, we use the worldsheet RG to describe the asymptotic approach to the zero temperature, supersymmetric limit of the unstable finite temperature type II string theory in the absence of branes, or of a Yang-Mills sector. At intermediate points along the flow to the infrared stable fixed point, we can separate the universal contribution to the free energy due to marginal and irrelevant bosonic modes in the worldsheet sigma model, from the contribution due to relevant modes. We confirm that the vacuum degeneracy is indeed lowered under worldsheet RG flow, and that the infrared stable endpoint is the noncompact, and supersymmetric, zero temperature vacuum, in broad agreement with recent conjectures in the string literature.
A spate of recent work has addressed the subject of tachyon condensation in string theory, using a variety of techniques drawn from both open string field theory and the worldsheet renormalization group [4, 8] . An interesting case is that of localized closed string tachyon condensation in the context of noncompact worldsheet sigma models [5] . By noncompact is meant here a worldsheet conformal field theory with an operator spectrum characterized by a continuum of scaling dimensions. In such cases, the assumptions under which Zamolodchikov's c-theorem [1] , or Affleck and Ludwig's g-theorem [2] , holds are no longer satisfied [3, 5] , and it is interesting to ask the question of what quantity other than the effective central charge is minimized under worldsheet renormalization group (RG) flow? We should note that this is a question of fundamental interest in string theory, far beyond the particular context in which it has been raised. In this paper, we address this question by studying a trajectory of the worldsheet renormalization group that traverses a family of compact worldsheet sigma models terminating in a noncompact, infrared fixed point: it is only in the fixed point, decompactification, limit that the discretely-spaced spectrum of scaling dimensions achieves a continuum.
In [6] , the interesting proposal has been made that the appropriate quantity in these cases is the vacuum degeneracy of bosonic states in the worldsheet sigma model. In this paper, we begin by clarifying some subtleties in the application of Affleck and Ludwig's g-theorem to perturbative string theory dynamics. We will then illustrate the recent conjectures [5, 6] with an example of asymptotic RG flow to a noncompact infrared fixed point of the worldsheet conformal field theory. At intermediate points along the RG flow, the perturbative string theory we study has one, or more, tachyonic states in its tree level mass spectrum. While the description we provide is lowest order in the coupling constant expansion of string perturbation theory, it will turn out, remarkably, to be an exact, and nonperturbative, description of flow in a particular relevant coupling of the worldsheet renormalization group.
The example of worldsheet RG flow we discuss is based on a relevant operator in the thermal mass spectrum of the finite temperature type II closed oriented string theory [14] , in the absence of a Ramond-Ramond sector and, consequently, of any Yang-Mills gauge fields. We will derive an explicit path integral expression for the one-loop free energy of the closed oriented type II string ensemble which is valid at all intermediate points along the RG flow to the noncompact infrared fixed point. Recall that the vacuum degeneracy in string theory can be deduced from the factorization limit of the one-loop graph in the string perturbation series: the one-loop graph factorizes on states contributing to the tree-level mass spectrum, and the leading contribution is from the lowest-lying states in the closed string spectrum [9, 6, 14] . Inspection of our explicit expression for the vacuum degeneracy will show that the contribution to g from the marginally relevant bosonic states alone is indeed lowered under worldsheet RG flow [6] . Moreover, the infrared fixed point at the termination of the flow is the noncompact, and spacetime supersymmetric, vacuum of the type II string, as suggested in a different context in [5] . Our results provide an explicit illustration, with refinement, of the conjectures originally made in [5, 6] . However, our example from finite temperature string theory is in a framework quite different from the class of twisted sector relevant perturbations of noncompact, and nonsupersymmetric, orbifolds of the type II string discussed in [5, 6] .
Let us begin with a brief review of the g-theorem as formulated in compact, and unitary, two-dimensional conformal field theory. In the earliest formulation of a g-theorem [2] , Affleck and Ludwig make three separate observations that suggest the possibility of an, in general, non-integer vacuum degeneracy, g, in a conformal field theory defined on a strip of length l and width, or inverse temperature, b. Periodic boundary conditions are assumed in the b direction for bosonic fields. In the case of a nontrivial boundary condition along the edge of length l, the following statements are known to hold true: i) in the large l limit, the high energy spectrum of the conformal field theory is expected to approach a continuum with energy levels E n scaling as n/l, and the asymptotic degeneracy takes the well-known form:
where c is the central charge. Clearly, there is no a priori reason for the coefficient g to be an integer.
ii) As was first emphasized by Cardy, a conformally invariant boundary condition corresponds to a boundary state and so, interchanging the role of the coordinates on the strip, this implies the following factorization condition for the transfer matrix Z AB between boundary states |A >, |B >, in the limit l>>b:
Here E 0 is the vacuum energy for the Hamiltonian computed with periodic boundary conditions on the interval of length b. We identify the vacuum degeneracy g with the product g A g B , where g A =< A|0 >, g B =< B|0 >.
iii) The free energy associated with the boundary degrees of freedom in the two-dimensional field theory,
lnZ, will typically contain both a term independent of the interval-length, namely, the non-universal contribution to the free energy whose normalization is ultraviolet regulator dependent, and a universal term inversely proportional to the length. The universal contribution to the free energy also shows up as a universal contribution to the entropy, giving rise to the term boundary entropy. It is this universal contribution which is conjectured to decrease under a renormalization group flow of the 2d field theory induced by a relevant operator living on the boundary [2] . Moreover, since the bulk degrees of freedom in the conformal field theory are unaltered, the effective central charge is preserved [2, 4, 6, 8] .
We will now clarify the corresponding statements in string theory. The one-loop amplitude in either a closed, or open and closed, string theory is given by an integral over conformal field theories on a strip. In the open string case, we assume periodic boundary conditions on bosonic worldsheet fields in the direction parallel to the boundaries of the cylinder, while nontrivial boundary conditions may be imposed in the direction orthogonal to the boundaries. The one-loop string amplitude is given by an integral over the cylinder length, l, from 0 to ∞. The factorization limit of the cylinder samples the lowest lying closed string modes which dominate in the l→∞ limit. By the worldsheet UV-IR correspondence, this is equivalent to sampling the high energy asymptotic behavior of the open string mass spectrum. The sum over one-loop connected vacuum graphs gives the one-loop spacetime effective potential in string theory [9] .
Since the cylinder graph factorizes on two copies of the disc, the high energy asymptotics of the open string spectrum can alternatively be obtained by computation of the disc amplitude. In fact, this is the route more commonly taken in the string theory literature [11, 6, 8] . Note, in particular, that since one-loop string amplitudes are normalizable [9] , the disc amplitudes obtained in the factorization limit are also unambiguously normalizable. This enables a precise identification of the perturbed worldsheet path integral with a perturbative contribution to the spacetime effective action. Given a relevant perturbation of the worldsheet action by a given boundary operator, O i , the resulting change in the tree-level spacetime effective action is expressed in terms of the path integral over worldsheets with the topology of the disc:
RG flow by a relevant operator in a unitary conformal field theory can, therefore, be seen to correspond to rolling down the effective potential to a more stable extremum [6] :
where G ij is the Zamolodchikov metric in coupling space [1] , β i is the perturbative beta function for the coupling λ i , and µ is the worldsheet renormalization scale. Since the Zamolodchikov metric is positive definite, worldsheet RG flow is always in the direction of decreasing spacetime effective action, and we have the equivalence g=
ST . Moving on to closed string theories, the one-loop amplitude is given by the torus graph with two worldsheet moduli, τ 1 , τ 2 . It is well-known that performing the integral over τ 1 is equivalent to imposing the level matching condition on the string mass spectrum. Let us assume periodic boundary conditions in the σ 1 direction. The factorization limit of the torus amplitude samples the lowest lying closed string modes which dominate in the τ 2 →∞ regime of moduli space. By the property of modular invariance, we know that the behaviour of the integrand in this regime can equivalently be mapped to that in the deep ultraviolet regime, i.e., in the vicinity of the origin in the (τ 1 , τ 2 ) plane. Thus, the factorization limit of the torus also samples the high mass level (energy) asymptotics of the closed string mass spectrum [9, 6] . As a consequence of modular invariance, the high-energy and low-energy asymptotics of the closed string mass spectrum are identical.
In [6] , it has been pointed out that in cases where RG flow is induced by a localized closed string state, the bulk central charge of the worldsheet theory will remain unchanged. Ref. [6] further conjectures that the quantity which decreases along the direction of flow in these cases is the number of localized bosonic degrees of freedom in the worldsheet conformal field theory. It was pointed out that this factor appears in the high energy density of states in the worldsheet conformal field theory as a prefactor multiplying the central charge, and is therefore a direct analog of Affleck and Ludwig's g. We will refine the suggestion in [6] by considering, instead, the free energy of the string theory, rather than the density of states in the worldsheet conformal field theory. This is, regretfully, an insufficiently appreciated distinction, often ignored in the string literature: the former is the quantity which captures the correct spacetime physics in string theory. The necessity for making such a crucial distinction is exemplified by the study of perturbative string thermodynamics [9, 10, 14] . But it is an important general fact that needs to be kept in mind whenever we apply conformal field theory results to perturbative string theory. We emphasize that Affleck and Cardy's observations as stated hold for two-dimensional field theories, and therefore can only be applied to the quantity appearing in the integrand of the one-loop string path integral. In particular, they do not pertain to the free energy of the string theory: the physical state spectrum of a string theory always contains many fewer states than in the worldsheet conformal field theory. We will show that the vacuum degeneracy, g, can be deduced directly from the leading contribution to the τ 2 →∞ asymptotic expansion of the closed string one-loop vacuum amplitude.
Thus, the analog of Affleck and Ludwig's statement (iii) in string theory yields a rather profound insight. Recall that Ref. [2] separated the free energy of the two-dimensional field theory into universal and nonuniversal terms. The normalizable one-loop string path integral computes the one-loop contribution to the spacetime effective action functional, W = lnZ [9] . Consider a target space with Euclidean time of interval size β equal to the inverse temperature. The free energy of the string theory is given by,
The Polyakov path integral yields an ordinary integral over the moduli, or shape parameters, of the two-dimensional world sheet. The path integral for two-dimensional quantum gravity preserves exact diffeomorphism and Weyl invariance, and the unique world-sheet regulator which preserves these two-dimensional gauge symmetries is zeta-function regularization. Thus, in two-dimensional terms, we could interpret the integral expression for F (β)
given by the Polyakov path integral as the unique expression for a scaleinvariant distribution over the free energies of two-dimensional field theories on a strip of varying length. In other words, unlike the 2d field theory situation described in (iii), the entire expression for the string theory free energy is universal: upon using a scale invariant, zeta-function regulator as dictated by the requirement of manifest two-dimensional Weyl and reparametrization invariances [9] , the integral expression for F (β) is free of ultraviolet-regulatordependent ambiguity. We emphasize that W is an intensive quantity from the viewpoint of both d-dimensional target space and two-dimensional worldsheet: W (β) is dimensionless. This is the reason that there is no string theory analog of Affleck and Ludwig's non-universal term in the free energy. It should also be noted that this property of universality for the free energy holds for both closed, and for open and closed, string theories.
We will now illustrate these concepts with a new example of a relevant perturbation in the type II closed string theory that does not fall within the class of orbifold twisted sector perturbations considered in [5, 6] . We will find that while the central charge of the worldsheet sigma model is indeed preserved under RG flow, we can also confirm that the bosonic vacuum degeneracy, g, is minimized at the infrared fixed point of the worldsheet RG, by direct computation of the leading contributions to the one-loop free energy along the flow to the fixed point. The leading contributions come from negative mass squared, and massless, closed string modes, the degrees of freedom associated, respectively, with the relevant, and marginal, operators in the worldsheet conformal field theory. Since we are able to write down the explicit form of the one-loop free energy at intermediate points along the flow, our example is a nonperturbative illustration of the validity of the conjectures made in [5, 6] .
Let us begin with the expression for the one-loop free energy of the type IIA string on the noncompact target space R 9 , with Euclideanized time, X 0 , an interval of length β, equal to the inverse temperature [14] . The spectrum of relevant operators in the physical state spectrum of the thermal ensemble, namely, tachyonic states that also satisfy the level-matching physical state conditions, are given by inspection of the mass formula in the (NS,NS) sector, restricting to states with vanishing oscillator number, N=N =0:
Recall that β 2 C =4π 2 α ′ is the square of the self-dual inverse temperature. The tachyonic physical states are the pure momentum and pure winding states, (n, 0) and (0, w), n, w ∈ Z, with no oscillator excitations, namely, N=N =0.
As pointed out in [14] , each momentum mode, (±n, 0), is tachyonic upto some critical temperature,
2 π 2 α ′ , after which it becomes stable. Conversely, each winding mode (0, ±w), is tachyonic beyond some critical temperature,
Thus, at all temperatures starting from zero, one or more states in the physical Hilbert space of the 2d field theory on the worldsheet corresponds to a relevant operator. Such relevant operators of the worldsheet conformal field theory can give rise to tachyonic modes in the string theory, and it is therefore important to ascertain, on a case-by-case basis, the stable endpoint, if any, of the worldsheet renormalization group flow. An infrared stable endpoint of RG flow would determine the nature of the true vacuum. Recall that a thermal duality transformation maps IIA to IIB, mapping T n (IIA) to T w (IIB), and vice versa, since the identification of thermal momentum and winding modes is switched in the duality map. We will find in this paper that at all temperatures other than zero the closed oriented type II thermal ensemble with trivial Ramond-Ramond sector is, in fact, unstable.
To be explicit, let us use the type IIA description, beginning with the closed oriented thermal ensemble at generic finite temperature. The expression for the one-loop free energy of the IIB closed oriented string ensemble will take identical form, so the comments that follow hold in both the IIA and IIB case. The type IIA ensemble is potentially unstable due to the presence of tachyonic thermal modes, which will generically induce a flow of the worldsheet RG. What is the relevant operator parameterizing the dominant RG flow, and what is the direction of this flow? As can be seen from Eq. (5), the full spectrum of relevant operators available in the worldsheet conformal field theory at generic low temperatures T < T w=1 , the temperature at which the first of the winding modes turns tachyonic, contains tachyonic thermal momentum modes with n = 0, w=0. However, as explained in [14] , modular invariance uniquely restricts the choice of thermal mode number dependent phases in the one-loop free energy of the type IIA closed oriented string ensemble to be as follows: 
where the result has been expressed in terms of the dimensionless variable,
Notice that, as a consequence of the trivial phase dependence, the tachyonic pure thermal momentum modes do not actually contribute to the type II string one-loop vacuum energy! Thus, let us begin with the ensemble at a temperature just above T w=1 , the temperature at which the first IIA winding mode turns tachyonic. As a consequence of the phases, this is the first of the tachyonic modes which actually makes a non-vanishing contribution to the type IIA string one-loop free energy. Without an explicit analysis of the τ 2 →∞ asymptotics of the expression for F (β), which isolates the individual contributions from tachyonic and massless closed string modes, we cannot tell whether the direction of RG flow is towards the noncompact, supersymmetric vacuum, or away from it. To confirm whether, in fact, the zero temperature vacuum is the infrared stable fixed point of worldsheet RG flow, we must compare the value obtained for the bosonic vacuum degeneracy, g, in the thermal vacuum at generic temperatures above T w=1 with its value in the supersymmetric zero temperature vacuum.
Consider the factorization limit of the torus amplitude, namely, the τ 2 →∞ of the modular integration which is dominated by contributions from the lowest lying closed string modes. It is convenient to express the Jacobi theta functions in a |q|-expansion, where q=e 2πi(τ 1 +iτ 2 ) , focussing on the leading contributions to the modular integral. For the thermal vacuum at temperatures just above T w=1 , the contribution to the free energy from w = 1, n = 0 modes takes the form:
where the leading contribution is from the tachyonic winding states. Notice that a phase factor of (−1) in the contribution from the w=1, n=0 sector has resulted in a nonvanishing contribution from the O(|q| −1 ) terms in Θ 3 and Θ 4 , as opposed to the cancellation of these terms in the n=w=0 sector due to the opposite phase choice, (+1).
Next, let us compare with the value of the vacuum degeneracy, g, deduced from the expression for the one-loop vacuum energy in the noncompact, supersymetric, zero temperature vacuum [14] :
Notice that while the one-loop free energy vanishes as a consequence of target space supersymmetry, the separate contributions from bosonic and fermionic degrees of freedom alone are nonvanishing. If we restrict ourselves to the bosonic degrees of freedom in the worldsheet sigma model as suggested in [6] , we find a nonvanishing, finite and normalizable result for g: the degeneracy of relevant bosonic degrees of freedom decreases from 2 to 1. We have thus established that the type IIA thermal vacuum at temperatures just above T w=1 when the first of the winding modes has turned tachyonic is unstable, and the worldsheet RG flow is in the direction towards the zero temperature vacuum. The noncompact supersymmetric vacuum is the infrared fixed point of RG flow, giving a nice illustration of the conjectures made in [5, 4] .
It is intriguing that Eq. (6) gives an unambiguously normalized result, at one-loop order, at all intermediate points along the RG flow for both the irrelevant and marginal contributions to the free energy, as well as for the contributions from relevant (tachyonic) states. Separating the contributions from the relevant states, as suggested by statement (iii) of AL we could express the free energy in the form:
where F univ is the analog of AL's universal free energy, containing the contributions to the free energy from only marginal (massless) and irrelevant (massive) modes in the worldsheet sigma model. The contributions from irrelevant (tachyonic) states has been lumped in F rele , an analog of AL's nonuniversal free energy: since the presence of closed string tachyons in the tree-level mass spectrum suggests the appearance of a dilaton tadpole at the loop level in string perturbation theory, it is possible that the loop corrections to F rele may not be well-defined in terms of a systematic, fully renormalizable string perturbation expansion [13, 12] .
If we ignore these expected loop corrections due to the generic possibility of a dilaton tadpole, at intermediate points along the RG flow we can write down the following, worldsheet ultraviolet regulated, expression for the socalled nonuniversal contribution to the free energy:
where T >T w=1 , and ∆ nw is the conformal dimension of the (n, w)th mode. Notice that F rele is zeta-function regularized: an implicit choice of ultraviolet regulator has been made in the two-dimensional field theory. As emphasized earlier, and in [9, 13] , this choice of ultraviolet worldsheet regulator was uniquely singled out by the two-dimensional gauge invariances of the string path integral: the regulated expression for F rele given here is that which preserves all of the worldsheet super-Diff×super-Weyl gauge symmetries. As an aside, in [6] these two contributions to the free energy are referred to, respectively, as the contributions from normalizable, and non-normalizable, states in the worldsheet conformal field theory. But as shown above, and described in more detail in [9, 13] , both contributions to the vacuum energy are, in fact, unambiguously normalized when we preserve the full gauge invariance of the string path integral.
It is of interest to examine the behavior of the thermal vacuum of the heterotic string theory within this same framework. In the accompanying paper [14] , we showed that the thermal vacuum of the heterotic string is tachyon free at all temperatures starting from zero, in the presence of a temperature-dependent Wilson line in the Yang-Mills sector. Thus, all of the operators carrying thermal momentum correspond to irrelevant flows of the worldsheet RG. Happily, the possibility of marginal relevance does not arise and there is no corresponding relevant coupling in the space of RG flows for the worldsheet sigma model: the thermal ensemble of heterotic strings is stable at least at one-loop order. We emphasize that this is the result in perturbation theory at fixed string coupling. Since the thermal heterotic vacuum has a non-vanishing one-loop vacuum energy, it is quite likely to exhibit a two-loop contribution to the dilaton tadpole. Thus, it is possible that in the extended space of worldsheet RG flows containing a potentially relevant coupling corresponding to the dilaton vev, or string coupling, one can identify a new nontrivial flow of the worldsheet RG. Such an analysis, of course, takes us beyond the technical framework of string perturbation theory.
Finally, let us consider the thermal vacuum of the type IB and type I ′ unoriented open and closed string theories [14] . The free energy in either case is given by summing over worldsheets with four different topologies: torus, cylinder, Mobius strip, and Klein bottle. The result for the sum over closed oriented worldsheets, namely, the torus, is identical to that obtained for the type IIB string theory [13] , described above. Since the worldsheet RG flow is back to the supersymmetric, infrared-stable fixed point at T = 0, this sector of the theory does not break supersymmetry as a consequence of thermal effects. The result for the remaining sectors of the theory, at one-loop order, in the type IB theory takes the form shown in [14] :
The thermal open string states of the type IB theory correspond to a Matsubaralike frequency spectrum with timelike momentum values: p n =2nπ/β, where n∈Z. The functions Z [0] , Z [1] are defined as follows [12, 14] :
for the unphysical Ramond-Ramond scalar tadpole ensures that the dilaton tadpole is also absent. Thus, despite the fact that supersymmetry has been broken as a consequence of the thermal mode number dependent phase, the one-loop free energy is zero! Notice that the vacuum degeneracy, g, vanishes identically, even when restricted to target space bosonic degrees of freedom alone. The reason for this is the conspiracy between bosonic annulus, Mobius strip, and Klein bottle contributions: these must add up to give zero, because we have required the absence of a tadpole for the unphysical Ramond-Ramond scalar in the finite temperature vacuum. Thus, the mechanism by which we have achieved a vanishing one-loop vacuum energy in a nonsupersymmetric string vacuum, where susy has been broken by thermal effects, is only possible in an unoriented open and closed string theory.
In other words, since there are no thermal tachyons and, consequently, no marginally relevant flows of the worldsheet RG, the thermal vacuum of the type I string theory is a fixed point of the worldsheet renormalization group that is both infrared, and ultraviolet, stable. Since the bosonic vacuum degeneracy vanishes both at finite temperature, and in the noncompact supersymmetric zero temperature limit, the thermal ensemble is clearly stable at all temperatures below the string scale. The behavior of the ensemble above the string scale is best inferred from the thermal dual description of this ground state provided by the type I ′ string ensemble [14] , also known to be free of both tadpoles and tachyons.
It should be emphasized that, unlike the case of the heterotic string where we have a non-vanishing one loop vacuum energy in the finite temperature vacuum, the thermal ground state of the type I-I ′ string theory has vanishing vacuum energy. We reiterate that the mechanism for the vanishing of the one-loop vacuum energy is precisely the same as in the zero temperature supersymmetric type IB vacuum: it is the sum of the bosonic contributions from annulus, Mobius strip, and Klein bottle that add up to zero, as a consequence of requiring the absence of a tadpole for the unphysical RamondRamond scalar. Moreover, as a direct consequence of the absence of the RR scalar tadpole, the dilaton tadpole also vanishes in the thermal type IB vacuum. This could be a hint that a dilaton tadpole cannot, in fact, arise in the thermal type IB vacuum at any order in string loop perturbation theory. This is a powerful inference, and one that would have been difficult to establish without consideration of the worldsheet renormalization group.
In summary, we have given a precise clarification of Affleck and Cardy's g-theorem in the context of worldsheet renormalization group flows in string theory. In particular, we gave an explicit description of the flow between a nonsupersymmetric, and unstable, vacuum of the type II closed oriented string theory to the stable and noncompact spacetime supersymmetric vacuum. Our results are in broad agreement with the conjectures of [6, 5] , offering concrete evidence that the flow of the worldsheet RG is always in a direction that lowers the vacuum degeneracy of the string theory. We also find that the vacuum degeneracy, g, in a supersymmetric worldsheet sigma model is correctly computed by restricting to the contribution from the marginally relevant bosonic degrees of freedom alone.
The tachyonic instability associated with the first of the thermal winding modes has often been misinterpreted in the literature as indication of a Hagedorn phase transition, see the extensive discussion in [14] . We have clarified in this paper that, on the contrary, it simply indicates a worldsheet renormalization group flow to the type II supersymmetric zero temperature vacuum. In particular, there is no indication of either non-analyticity or divergences in the expression for the one-loop free energy of the type II string ensemble. The nature of the instability, and the resulting RG flow, can be adequately described in precise detail within the worldsheet formalism.
We have shown that the spontaneous restoration of target space supersymmetry in the decompactification limit of the finite temperature string theories is amenable to worldsheet renormalization group techniques. In recent years, both generalizations, and counter-examples, to the validity of the g-theorem in two-dimensional field theories with long-range interactions have appeared in the condensed matter physics literature [15] . Worldsheet sigma models with nontrivial bulk, or boundary, potential have long been studied in string theory, and many examples exhibit integrability properties that make them amenable for precise computations at all orders in the α ′ expansion. Classic, well-studied, examples include the SL(2, R)/U(1) coset sigma model and generalizations [16] , the boundary Sine-Gordon or CaldeiraLeggett model [17] , and the boundary Liouville theory [18] . It would be most intriguing to explore these possibilities for an illustration that bypasses the g-theorem, namely, climbs the barrier with a reversed RG flow while breaking target space supersymmetry. Our analysis of a relevant thermal perturbation that describes a spontaneous breaking (restoration) of supersymmetry sug-gests that such a possibility is not wholly unrealistic, but a concrete example remains to be found.
